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Considerations on Measurement Report for EUTRAN
1 Background
With the introduction of EUTRAN, there will be more RATs covering a certain area and mobiles in GERAN will have more neighbor cells to measure. For measurement and reporting of EUTRAN cells the usage of a black list is defined which makes it impossible to identify a EUTRAN cell by using an index in a measurement report message as it was done for GERAN and UTRAN. For EUTRAN a larger cell identification field must be used, including a frequency list (3 bits) and PCID (9 bits) which reduces the number of cells possible to include in each measurement report message [1]. 

In [2] a way to build EUTRAN measurement reports was discussed. In this contribution we propose a way to improve the measurement reporting so that more neighbor cells can be reported in one single message. 
2 Discussion

In current specifications (TS 45.008), the number of cells to be reported per RAT by a Multi-RAT mobile is determined by the parameter XXX_MULTIRAT_REPORTING, whose range is 0 to 3. Because of the fixed message size the number of cells possible to report when EUTRAN cells are included is much less, see Table 1.
Table 1 Impact on Measurement Reporting Messages [1]

	Message Type
(NCL length = 64)
	No. of Neighbour cells GERAN / UTRAN/ E-UTRAN Supported - WL
	No. of Neighbour Cells GERAN/UTRAN Supported - WL and E-UTRAN Supported - BL

	ENHANCED MEASUREMENT REPORT
	11 cells (any RAT)


	6 cells
e.g. 2 E-UTRAN + 4 GSM

	PACKET ENHANCED MEASUREMENT REPORT
	9 cells (any RAT)
	4 cells
e.g. 2 E-UTRAN + 2 GSM


Requirements from specifications state that:

“The E-UTRAN shall support mobility across the cellular network and should be optimized for low mobile speed from 0 to 15 km/h” (See TR 25.913), and 2 typical speeds are also proposed as 3km/h and 30 km/h (See TR 25.814). A Site-to-Site distance is assumed no less than 500 m (See TS 25.814).
A GERAN(-UTRAN)-EUTRAN mobile will send the network measurement report messages repeatedly when it is in dedicated mode or packet transfer mode and the distance it travels between two consecutive reports is usually very short compared to the size of EUTRAN cells. For instance, for a EUTRAN cell with a radius of 250 m, mobiles with a moving speed of 30 km/h and a measurement reporting period of 3.84 s (default value in TS 44.060, Sec. 11.2.23) will travel a distance of 32 m between two consecutive measurement reports. This allows for about 7 reports being sent for the same cell.  From this it is therefore reasonable to assume that many of the neighbor cells reported in one message are exactly the same as those reported in the one sent immediately before, especially when the moving speed of the mobile is low. 
3 Proposal
3.1 Pseudo White List
A new way to identify a EUTRAN cell in a measurement report is defined. The first time a mobile reports a EUTRAN cell it identifies the cell with its frequency index and PCID (Black List (BL) format). The reported EUTRAN cells are stored in a list named “pseudo white list” residing in the BSS and the mobile. The lists are updated every time a new measurement report message is received and previously reported EUTRAN cells are then identified by an index (bitmap) into the stored lists while EUTRAN cells not reported are removed from the list. We refer to this type of reporting as “white list format” reporting.
[image: image1.emf] 

Measurement Report message 1   -   GERAN cell 1, 2 are reported in WL   -   EUTRAN cell a, b are  reported in BL   ------- for the 1 st  time, no pseudo white list  available, so EUTRAN cells are reported  in the  BL list  format .  

Measurement Report message 2   -   GERAN cell 1, 2, 3 are reporte d in WL   -   EUTRAN cell a, b are reported  in  P WL   -   EUTRAN cell c is reported in BL   ------- from the 2 nd  time, a pseudo white list is  available, so cells in the pseudo WL could be  reported in the white list  format ; more bits are  saved, so that more GERAN cells could be  reported in the same message; EUTRAN cells  not in the pseudo  white list could be sent in the  BL list  format.  

Measurement Report message 3   -   GERAN cell 1, 2, 3, 4 are reported in WL   -   EUTRAN cell b , c  are reported  in  P WL   -   EUTRAN cell d is reported in BL   ------- after the 2 nd  message, the stored pseudo  white list was up dated (with cell c included);  even more GERAN cells are reported; some  EUTRAN cells are not reported any more (e.g.  cell a)  


3.2 Sequence Number
Because each cell reported in white list format depends on the previous sent report measurement report messages have to be received in sequence by the network. If one message is lost including not earlier reported cells the BSS will not be aware of any new cells reported in the lost message. A modulo 4 counter (MR_Sequence_N) is introduced to allow the network to detect and recover from a lost measurement report message.
[image: image2.emf] 

Measurement Report message 1   -   MR_ Sequence _N  = 0   ------- for the 1 st  time, no pseudo white list  available  

Measurement Report message 2   -   MR_ Sequence _N  = 1   ------- the 2 nd  message is received correctly  

Measurement Report message 3   -   MR_ Sequence _N  = 2   ------- the 3 rd  message is received  lost and the  network does not know that  

Measurement Report message 4   -   MR_ Sequence _N  = 3   ------- the 4 th  message is received  correctly , and  now th e network  knows  the 3 rd  message is lost,  and measurement results  from the   4 th  message  can not be used  


When the mobile is in dedicated mode or packet transfer mode the first measurement report of EUTRAN cell(s) shall always be sent in the BL list format. From the second report and onwards the mobile can decide reporting in either pseudo WL or BL format or both. 
The new EUTRAN Measurement Report structure proposed to be used in the Packet Measurement Report and (Packet) Enhanced Measurement Report messages with release 8 extension [2] is:
	< E-UTRAN Measurement Report struct > ::=


< E-UTRAN_BA_USED : bit >

< MR_Sequence_N : bit (2)>

{0 | 1
< N_E-UTRAN1: bit (2) >
{
< E-UTRAN_FREQUENCY_INDEX : bit (3) >




< CELL IDENTITY : bit (9) >




< REPORTING_QUANTITY : bit (6) > } * (val(N_E-UTRAN1 + 1 )) 

};

{0 | 1



{
0 | 1< REPORTING_QUANTITY : bit (6) >} * (val(N_E-UTRAN2 + 1));





- - - - - - - - N_E-UTRAN2 should be the number of EUTRAN cells reported in the message sent immediately before this one

} 


3.3 Measurement Mode
In case a measurement report message is lost the network must be able to control the reporting behavior of the mobiles. A new field (EUTRAN_MR_Mode) is introduced in the assignment messages (i.e., PACKET DOWNLINK ASSIGNMENT, MULTIPLE TBF DOWNLINK ASSIGNMENT, PACKET UPLINK ASSIGNMENT, MULTIPLE TBF UPLINK ASSIGNMENT, PACKET TIMESLOT RECONFIGURE, MULTIPLE TBF TIMESLOT RECONFIGURE and PACKET CS RELEASE INDICATION messages) and downlink control messages (i.e. Packet UPlink Ack/Nack, Packet POwer CONTROL/TIMING ADVANCE and MEASUREMENT INFORMATION messages). When a lost measurement report message is detected the EUTRAN_MR_Mode field is set to ‘0’ in a downlink control message ordering the mobile to report EUTRAN cells in BL format to recover. 
	EUTRAN_MR_Mode (1 bit field)
This parameter indicates the way the mobile should handle the measurement report for EUTRAN cells.

Bit

0    the EUTRAN cells shall not be sent in the pseudo WL format
1    the EUTRAN cells should be sent in the pseudo WL format from the second message


3.4 Comparison
Assuming a bitmap length of 64, Table 2 compares the number of cells possible to report in one message using our proposed format with what is possible in [1]. Our proposed format allows more neighbor cells to be reported in one message than when using the BL format. The number of cells possible to report is also quite close to that of the WL format.

Table 2 Comparison of Measurement Reporting Messages
	Message Type
(BITMAP_LENGTH=64)
	No. of Neighbour cells GERAN / UTRAN/ E-UTRAN Supported - WL
	No. of Neighbour Cells GERAN/UTRAN Supported - WL and E-UTRAN Supported - BL
	No. of Neighbour Cells GERAN/UTRAN Supported - WL and E-UTRAN Supported – pseudo WL

	ENHANCED MEASUREMENT REPORT
	11 cells (any RAT)


	6 cells
e.g. 2 E-UTRAN + 4 GSM
	9 cells
e.g. 3 E-UTRAN + 6 GSM

	PACKET ENHANCED MEASUREMENT REPORT
	9 cells (any RAT)
	4 cells
e.g. 2 E-UTRAN + 2 GSM
	8 cells
e.g. 2 E-UTRAN + 6 GSM

	PACKET MEASUREMENT REPORT
	6 cells (Any RAT)
	6 cells 
with one or more E-UTRAN cell
	8 cells
e.g. 4 E-UTRAN + 4 GSM


A 6-bit RSRP is used in Table 2. If a 3-bit RSRP is used only one more cell can occasionally be reported in the BL format because the identification field is much bigger than the quality value in the measurement report message for EUTRAN. It is proposed to use 6-bit RSRP in all messages except the Measurement Report message. 
4 Conclusion

Building on the assumption that many of the neighbor cells reported in one measurement message are exactly the same as those reported in the one sent immediately before we are in this contribution proposing a method whereby the number of neighbor cells reported in one message need not be substantially decreased when reporting EUTRAN cells compared to when reporting UTRAN cells. 
Considering that neighbor EUTRAN cells reported in consecutive messages are changed infrequently, a “pseudo white list” is created so that a bitmap can be used to identify the cells, similar as that for UTRAN. To accomplish this a sequence number is introduced in the Packet Measurement Report and (Packet) Enhanced Measurement Report messages to allow the network to detect a lost measurement report and an EUTRAN measurement report mode field is included in the downlink control messages to allow the network to recover from a lost measurement report message.
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